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(54) Swash plate for compressor 

(57) A compressor includes pistons (17), each of 
which is coupled to a swash plate (1 5) through a pair of 
shoes (1 8A, 1 8B). The swash plate (15) rotates integral- 
ly with a drive shaft (13). The shoes (1 8A, 1 8B) convert 
the rotation of the swash plate (15) to the reciprocation 
of the piston (1 7). A lubricating coating (28, 29) made of 



copper-based material is formed on parts of the swash 
plate (15) along which the shoes (18A, 18B) slide. The 
copper-based material includes silicon. The shoes 
(18A, 18B) smoothly slide on the swash plate (15), 
which is coated by the lubricating coating (28, 29) that 
uses minimum amount of lead. 



Fig.1 (a) 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a swash plate 
for a compressor. 

[0002] Japanese Laid-Open Patent Publication No. 
8-1 99327 discloses pistons for a swash plate type com- 
pressor. The pistons reciprocate in accordance with the 
rotation of a swash plate, which rotates integrally with a 
drive shaft. Each piston is coupled to the peripheral por- 
tion of the swash plate through a pair of shoes. The ro- 
tation of the swash plate is converted to the reciproca- 
tion of the pistons by the shoes. 
[0003] The pair of shoes is made of metal material (for 
example, iron-based material) that is the same material 
as used for the swash plate. A lubricating coating made 
of copper-based material is applied to the swash plate 
surface that contacts the pair of shoes so that the shoes 
smoothly slides on the swash plate and the seizure is 
prevented from occurring between the pair of shoes and 
the swash plate. It is also proposed to add lead in the 
copper-based material so that the shoes further smooth- 
ly slides on the swash plate. 

[0004] As the concern over the environmental prob- 
lems has increased, it is desired to use materials that 
minimize adverse environmental effect in lubricating 
coatings. 

SUMMARY OF THE INVENTION 

[0005] The objective of the present invention is to pro- 
vide a swash plate for a compressor that includes min- 
imum amount of lead while permitting shoes to reliably 
slide with respect to the swash plate. 
[0006] To achieve the foregoing objective, the present 
invention provides a swash plate for a compressor, 
which includes a piston coupled to the swash plate 
through a pair of shoes. The swash plate rotates inte- 
grally with a drive shaft. The shoes slide on the piston 
and the swash plate. The shoes convert the rotation of 
the swash plate to the reciprocation of the piston. A lu- 
bricating coating made of copper-based material is 
formed on part of the swash plate along which the shoes 
slide. The copper-based material includes silicon. 
[0007] The present invention also provides a manu- 
facturing method of a swash plate for a compressor. The 
method includes forming a lubricating coating made of 
copper-based material including silicon at part of the 
swash plate along which a shoe slides. 
[0008] Other aspects and advantages of the invention 
will become apparent from the following description, tak- 
en in conjunction with the accompanying drawings, il- 
lustrating by way of example the principles of the inven- 
tion. 



BRIEF DESCRIPTION OF THE DRAWINGS 

[0009] The invention, together with objects and ad- 
vantages thereof, may best be understood by reference 
5 to the following description of the presently preferred 
embodiments together with the accompanying drawings 
in which: 

Fig. 1(a) is a cross-sectional view illustrating a 
swash plate type compressor according to a first 
embodiment of the present invention; 

Fig. 1 (b) is an enlarged partial cross-sectional view 
of the compressor shown in Fig. 1 (a); and 

Fig. 2 is an enlarged partial cross-sectional view of 
a swash plate according to a second embodiment 
of the present invention. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0010] A first embodiment of the present invention will 
now be described with reference to Figs. 1 (a) and 1 (b). 
[001 1 ] As shown in Fig. 1 (a), a variable displacement 
compressor includes a front housing member 1 2, a rear 
housing member 1 9, and a cylinder block 1 1 . A control 
pressure chamber 121 is defined between the front 
housing member 12 and the cylinder block 11. A drive 
shaft 13 extends through the control pressure chamber 
121 and is rotatably supported by the front housing 
member 12 and the cylinder block 11. The drive shaft 
13 is driven by an external drive source such as an en- 
gine. A lug plate 1 4 is fixed to the drive shaft 1 3. A swash 
plate 1 5 is supported by the drive shaft 1 3 to slide along 
and to tilt with respect to the axis of the drive shaft 13. 
In Fig. 1 , the left end of the compressor is defined as the 
front end, and the right end of the compressor is defined 
as the rear end. 

[001 2] A swash plate 1 5 is made of an iron-based ma- 
terial. A supporting body 151 is formed integrally with 
the swash plate 15. Two guide pins 16 (only one is 
shown) are fixed to the supporting body 151 . Two sup- 
porting arms 40 (only one is shown) extend from the lug 
plate 1 4. Each supporting arm 40 has a guide hole 141 
(only one is shown). Each guide pin 16 is supported by 
the corresponding guide hole 141 and slides with re- 
spect to the guide hole 141 . The swash plate 1 5 can be 
tilted with respect to the axis of the drive shaft 13 and 
rotates integrally with the drive shaft 13 by the cooper- 
ation between the supporting arms 40 and the guide 
pins 1 6. The swash plate 1 5 is selectively tilted with re- 
spect to the drive shaft 13 while axially moving along the 
drive shaft 13. 

[0013] The inclination angle of the swash plate 15 is 
changed based on the pressure in the control pressure 
chamber 121. When the pressure in the control pressure 
chamber 121 increases, the inclination angle of the 
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swash plate 15 decreases. When the pressure in the 
control pressure chamber 121 decreases, the inclina- 
tion angle of the swash plate 15 increases. Refrigerant 
gas in the control pressure chamber 121 is drawn into 
a suction chamber 191 in the rear housing member 19 
through a pressure release passage, which is not 
shown. Refrigerant gas in a discharge chamber 192 in 
the rear housing member 19 is drawn into the control 
pressure chamber 121 through a pressure passage, 
which is not shown. 

[0014] A displacement control valve 25 is located in 
the pressure passage. The displacement control valve 
25 controls the flow rate of refrigerant gas that is sup- 
plied from the discharge chamber 192 to the control 
pressure chamber 121. When the flow rate of refrigerant 
gas that is supplied from the discharge chamber 1 92 to 
the control pressure chamber 121 increases, the pres- 
sure in the control pressure chamber 121 increases. 
When the flow rate of refrigerant gas that is supplied 
from the discharge chamber 1 92 to the control pressure 
chamber 121 decreases, the pressure in the control 
pressure chamber 121 decreases. Therefore, the incli- 
nation angle of the swash plate 15 is controlled by the 
displacement control valve 25. 

[001 5] When the swash plate 1 5 contacts the lug plate 
1 4, the swash plate 1 5 is at the maximum inclination an- 
gle. When the swash plate 15 contacts a snap ring 24 
located on the drive shaft 13, the swash plate 15 is at 
the minimum inclination angle. 

[001 6] Cylinder bores 1 1 1 (only two are shown in Fig. 
1 (a)) are formed in the cylinder block 1 1 about the drive 
shaft 13. A piston 17 is accommodated in each cylinder 
bore 111. Each piston 17 is coupled to the peripheral 
portion of the swash plate 15 by a pair of a semi-spher- 
ical rear shoe 1 8A and a semi-spherical front shoe 1 8B. 
Therefore, when the swash plate 15 rotates with the 
drive shaft 13, the rear shoes 18A and the front shoes 
18B convert the rotation of the swash plate 15 into the 
reciprocation of the pistons 17. As shown in Fig. 1(b), 
the rear shoes 18A, which are made of bearing steel, 
slide on a rear lubricating surface 281 . The front shoes 
18B, which are made of bearing steel, slide on a front 
lubricating surface 291 . 

[0017] A valve plate assembly is located between the 
cylinder block 1 1 and the rear housing member 1 9. The 
valve plate assembly includes a main plate 20, a first 
sub-plate 21 , a second sub-plate 22, and a retainer plate 
23. 

[0018] The main plate 20 includes suction ports 201 
and discharge ports 202. The first sub-plate 21 includes 
suction valves 211. The second sub-plate 22 includes 
discharge valves 221. A suction port 201, a discharge 
port 202, a suction valve 211, and a discharge valve 221 
constitute a set that corresponds to one of the cylinder 
bores 111 . 

[001 9] When each piston 1 7 moves from the top dead 
center position to the bottom dead center position, re- 
frigerant gas in the suction chamber 191 is drawn into 



the corresponding cylinder bore 111 via the correspond- 
ing suction port 201 and suction valve 211 . 
[0020] When each piston 17 moves from the bottom 
dead center position to the top dead center position, re- 

5 frigerant gas in the corresponding cylinder bore 111 is 
discharged to the discharge chamber 1 92 via the corre- 
sponding discharge port 202 and discharge valve 221 . 
When the discharge valve 221 contacts a retainer 231 
located on the retainer plate 23, the opening size of the 

10 discharge valve 221 is maximized. 

[0021] As shown in Figs. 1(a) and 1(b), a rear lubri- 
cating coating 28 is applied to a rear surface 26 of the 
swash plate 15. A front lubricating coating 29 is applied 
to a front surface 27 of the swash plate 15. The surface 

15 of the rear lubricating coating 28 forms a rear lubricating 
surface 281, which slides on the rear shoes 18A. The 
surface of the front lubricating coating 29 forms a front 
lubricating surface 291 , which slides on the front shoes 
18B. 

20 [0022] The lubricating coatings 28, 29 may be made 
with metal materials such as brass or lead-free bronze, 
which include silicon and no lead. Alternatively, the lu- 
bricating coating 28, 29 may be made with an interme- 
tallic compound of brass or lead free bronze and silicon. 

25 Hereinafter, these metal materials and the compound 
will be referred to as Cu-Si based material. The Cu-Si 
based material, which is copper-based material, chang- 
es properties such as the hardness and the melting point 
in accordance with the silicon content in the material. 

30 The Cu-Si based material used in the first embodiment 
has silicon content of 2 to 15% by weight (preferably 5 
to 12%). The lubricating coatings 28, 29 are formed by 
the conventional metal spraying. 
[0023] The lubricating coatings 28, 29, which are 

35 made of copper-based material having a suitable silicon 
content, slide with on the rear shoes 1 8A and the front 
shoes 1 8B as reliably as the prior art lubricating coating, 
which is made of copper-based material including lead. 
Furthermore, the lubricating coatings 28, 29 have im- 

40 proved wear resistance and anti-seizure property. The 
lubricating coating 28, 29 also do not include lead. 
Therefore, problems related to the environmental sani- 
tation do not occur. 

[0024] The iron-based material used for the swash 
45 plate 15, the rear shoe 18A, and the front shoe 18B is 
very hard and the melting point is between one thousand 
to two thousand degrees Celsius, which is relatively 
high. On the other hand, the Cu-Si based material used 
for the lubricating coatings 28, 29 is softer than the iron- 
50 based material and the melting point is less than one 
thousand degrees Celsius, which is lower than that of 
the iron-based material. The differences in the proper- 
ties between the Cu-Si based material and the iron- 
based material improve the sliding performance of the 
55 swash plate 15 with respect to the rear shoe 18A and 
the front shoe 18B. 

[0025] A second embodiment of the present invention 
will now be described. The differences from the first em- 
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bodiment illustrated in Figs. 1 (a) and 1 (b) will mainly be 
described with reference to Fig. 2. As shown in Fig. 2, 
rear and front resin coatings 30, 31 are provided on the 
rear and front lubricating coatings 28, 29, which is made 
of metal, respectively. Solid lubricant is dispersed in the 
resin coatings 30, 31 . 

[0026] Since the lubricating coatings 28, 29 are not 
easily deformed, a crack is easily formed while the lu- 
bricating coatings 28, 29 are wear-resistant. Therefore, 
when the coatings 30 and 31, which are made of soft 
resin, are each provided on top of the corresponding one 
of the hard lubricating coatings 28, 29, each of the lu- 
bricating coatings 28, 29 does not directly contact the 
corresponding set of the rear shoes 18A and the front 
shoes 18B. Therefore, the lubricating coatings 28 and 
29 are prevented from having cracks. In addition, since 
the lubricating coatings 28 and 29 are not easily de- 
formed, the wear resistance is improved. 
[0027] The solid lubricant in the second embodiment 
is at least one of, for example, molybdenum disulfide, 
tungsten disulfide, graphite, boron nitride, antimony ox- 
ide, lead oxide, lead, indium, and tin. The resin in the 
second embodiment is, for example, polyamide-imide 
resin. 

[0028] It should be apparent to those skilled in the art 
that the present invention may be embodied in many 
other specific forms without departing from the spirit or 
scope of the invention. Particularly, it should be under- 
stood that the invention may be embodied in the follow- 
ing forms. 

[0029] Powdered copper-based material to which sil- 
icon is added may be sintered and applied to the base 
material of the swash plate 15 to form the lubricating 
coatings 28 and 29. In this case, vibration and the gen- 
eration of dust during the manufacturing procedure are 
reduced compared to a case, for example, when the 
metal spraying is performed. Thus, the work environ- 
ment is improved. 

[0030] The present invention may be applied to a 
swash plate that is made of aluminum-based material 
for reducing the compressor weight. 
[0031] The moment of rotation based on the centrifu- 
gal force acts on a swash plate used in the variable dis- 
placement compressor when the swash plate is rotated. 
The moment of rotation affects the adjustment of the in- 
clination angle of the swash plate. To generate asuitable 
moment of rotation, the weight of the swash plate needs 
to be increased. Therefore, a copper-based material, 
which is heavier than iron-based material, may be used 
for the swash plate in the same dimension and the same 
shape. In this case, the base material of the swash plate 
and the material of the lubricating coatings are the 
same. Thus, the swash plate is more firmly coupled to 
the lubricating coatings. This improves the endurance 
of the lubricating coatings. 

[0032] The present invention may be applied to a 
swash plate for a swash plate type fixed displacement 
compressor. 



[0033] Therefore, the present examples and embod- 
iments are to be considered as illustrative and not re- 
strictive and the invention is not to be limited to the de- 
tails given herein, but may be modified within the scope 

5 and equivalence of the appended claims. 

[0034] A compressor includes pistons (1 7), each of 
which is coupled to a swash plate (15) through a pair of 
shoes (1 8A, 1 8B). The swash plate (15) rotates integral- 
ly with a drive shaft (13). The shoes (1 8A, 1 8B) convert 

10 the rotation of the swash plate (15) to the reciprocation 
of the piston (1 7). A lubricating coating (28, 29) made of 
copper-based material is formed on parts of the swash 
plate (15) along which the shoes (18A, 18B) slide. The 
copper-based material includes silicon. The shoes 

15 (18A, 18B) smoothly slide on the swash plate (15), 
which is coated by the lubricating coating (28, 29) that 
uses minimum amount of lead. 



20 Claims 

1. A swash plate for a compressor, which includes a 
piston (17) coupled to the swash plate through a 
pair of shoes (18A, 18B), wherein the swash plate 

25 rotates integrally with a drive shaft (13), and the 
shoes (18A, 18B) slide on the piston (17) and the 
swash plate, wherein the shoes (1 8A, 1 8B) convert 
the rotation of the swash plate to the reciprocation 
of the piston (1 7), wherein a lubricating coating (28, 

30 29) made of copper-based material is formed on 
part of the swash plate along which the shoes (1 8A, 
1 8B) slide, the swash plate being characterized in 
that the copper-based material includes silicon. 

35 2. The swash plate according to claim 1, character- 
ized in that the copper-based material includes no 
lead. 

3. The swash plate according to claim 1, character- 
40 jzed in that a resin coating is formed on the surface 

of the lubricating coating (28, 29), wherein solid lu- 
bricant is dispersed in the resin coating. 

4. The swash plate according to claim 1, character- 
45 jzed in that iron-based material is used to form the 

swash plate. 

5. The swash plate according to claim 1, character- 
ized in that aluminum-based material is used to 

50 form the swash plate. 

6. The swash plate according to claim 1, character- 
ized in that copper-based material is used to form 
the swash plate. 

55 

7. The swash plate according to claim 1, character- 
ized in that the lubricating coating (28, 29) is 
formed on the swash plate by spraying. 
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8. The swash plate according to claim 1 , character- 
ized in that the lubricating coating (28, 29) is 
formed on the swash plate by sintering. 

9. A manufacturing method of a swash plate for acorn- 5 
pressor being characterized by forming a lubricat- 
ing coating (28, 29) made of copper-based material 
including silicon at part of the swash plate along 
which a shoe (1 8A, 1 8B) slides. 

10 

10. The manufacturing method according to claim 9, 
characterized in that the copper-based material 
includes no lead. 

11. The manufacturing method according to claim 9, 15 
characterized in that a resin coating is formed on 

the surface of the lubricating coating (28, 29), 
wherein solid lubricant is dispersed in the resin 
coating. 
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(54) Swash plate for compressor 



(57) A compressor includes pistons (17), each of 
which is coupled to a swash plate (15) through a pair of 
shoes (1 8A, 1 8B). The swash plate (15) rotates integral- 
ly with a drive shaft (13). The shoes (1 8A, 1 8B) convert 
the rotation of the swash plate (15) to the reciprocation 
of the piston (1 7). A lubricating coating (28, 29) made of 



copper-based material is formed on parts of the swash 
plate (15) along which the shoes (18A, 18B) slide. The 
copper-based material includes silicon. The shoes 
(18A, 18B) smoothly slide on the swash plate (15), 
which is coated by the lubricating coating (28, 29) that 
uses minimum amount of lead. 
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